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Dietary Risk Factors for Gestational
Diabetes Mellitus
Are sugar-sweetened soft drinks culpable or guilty by association?
G
estational diabetes mellitus (GDM)
is one of the most common medical
problems found in pregnancy. Cat-
egorizing a woman as having GDM with a
glucosetolerancetest(GTT)identiﬁesthe
top 5–10% of a continuum of risk for cer-
tain adverse pregnancy outcomes. Women
with GDM are themselves very likely to
ultimately develop type 2 diabetes. In ad-
dition, the offspring of women with GDM
have a greater risk of childhood obesity,
glucose intolerance, and diabetes in early
adulthood. The advantages of treatment
on adverse pregnancy outcomes have
been clearly identiﬁed (1), but more re-
search is needed to determine whether
offspring outcomes can also be altered by
interventions during pregnancy.
Theriskfactorsforthedevelopment
of GDM are well established, but of the
major ones, only maternal obesity is po-
tentially preventable or reversible. At
the time of diagnosis one of the most
commonly asked questions by patients
relates to whether poor diet may have
caused the problem. Although we can
say that a change in diet will have a fa-
vorable effect, at this stage we cannot
say with any certainty that any dietary
factor causes GDM.
Epidemiological studies provide
clues that generate hypotheses for further
research. In this context, for both young
and middle-aged women, a habitual diet
that is high in ﬁber has an inverse associ-
ation with the development of type 2 di-
abetes (2–4). Because dietary ﬁber is
found only in plant foods closely associ-
ated with starch and naturally occurring
sugars, the ﬁndings imply that low carbo-
hydrate diets are not likely to be protec-
tive. In meta-analyses, dietary glycemic
index (GI) and glycemic load (GL) are
also predictive of type 2 diabetes (5),
again suggesting carbohydrate quality is
important. Given the similarities between
women developing type 2 diabetes and
women with GDM who are at high risk of
developing type 2 diabetes, these obser-
vations are probably pertinent.
The factors that contribute to higher
insulin resistance or impaired insulin se-
cretion before pregnancy can be expected
to have a legacy during pregnancy. Inten-
sivelifestyleinterventions,suchasgreater
physical activity and weight loss, are
known to improve insulin sensitivity and
insulin secretory function (and thereby
reduce the risk of type 2 diabetes) (6) but
maynotbethemostappropriateadviceat
thestartofpregnancy.Bycontrast,dietary
advice based on improving carbohydrate
quality may help prevent the develop-
ment of GDM without the risk of adverse
effects. Both high-ﬁber diets (7,8) and
low-GI diets (9,10) have been shown to
independentlyimproveinsulinsensitivity
and glucose tolerance. In the only large
prospective observational study of risk of
GDM to date, the combination of a diet
that was high in ﬁber and had a low GL
wasassociatedwithahalvingoftheriskof
GDM during 8 years of follow-up (11).
TheﬁndingsofChenetal.(12)inthis
issue of Diabetes Care somewhat extend
ourunderstandingofpossibledietaryfac-
tors associated with increased risk of
GDM. The authors hypothesized that a
higher intake of sugar-sweetened bever-
ages (SSBs) would be associated with a
higher prevalence of GDM in the Nurses
Health Study II. By their deﬁnition, SSBs
included Coca-Cola, Pepsi, or other colas
with sugar; other carbonated beverages
with sugar (caffeinated and caffeine free);
and fruit punch. Fruit juices were exempt
despite that the energy content and con-
centration of naturally occurring sugars is
similar to that of SSBs. Interestingly, in
the most robust model (model 4) that ad-
justed for age, BMI, parity, family history
of type 2 diabetes, Western dietary pat-
tern,andotherconfounders,therewasno
statistically signiﬁcant risk associated
with a higher intake of SSBs. Only when
cola beverages were separated out from
other types of SSBs did they ﬁnd a signiﬁ-
canttrendinthefullyadjustedmodel(RR
1.22 [95% CI 1.01–1.47]). There was no
risk, nor even a trend to higher risk of
GDM, associated with a high intake of
otherﬂavoredSSBs.Althoughtheauthors
speculatedthatthecaramelcolorsandﬂa-
vors in cola drinks might translate to
higher intake of advanced glycated end
products (AGEs) and therefore have po-
tential adverse effects on -cell function,
other sources of AGE were not accounted
for. Furthermore, women drinking non-
caloric cola drinks did not have a higher
risk—indeed,thetrendwasnegative(P
0.07). Although Chen et al. suggest that
the high GL (i.e., the mathematical prod-
uct of carbohydrate content and GI) of
cola-ﬂavored SSBs is the mechanism for
their association with GDM, cola drinks
have the same GL (15 g) as a serving of
noncola drinks, two slices of white bread,
oroneservingofbreakfastcereal(13).Itis
conceivable that sweetened cola drinks,
but not noncaloric versions, may simply
be a marker of an individual for whom
healthy lifestyle and behaviors are a low
priority.
Although high intakes of reﬁned sug-
ars, and soft drinks in particular, have
long been claimed to be a cause of obesity
anddiabetes,theevidenceisinconsistent.
Overthepast30years,high-fructosecorn
syrup (HFCS) with a ratio of fructose to
glucose of 55:45 has replaced sucrose as
the source of sweetness in many North
American foods, including SSBs. Hence,
the overconsumption of HFCS and/or
fructose monosaccharide is suspected to
have played a role in the epidemic of obe-
sity and diabetes (14). However, else-
where around the world, cane sugar
(sucrose, a disaccharide) is still used as
theingredientinSSBs,andratesofobesity
and diabetes have climbed just as sharply
(15). If free fructose is implicated, then
fruit and fruit juices that contain a mix-
ture of free fructose, glucose, and sucrose
in various proportions should be consid-
ered as well (and they were speciﬁcally
excluded from the study by Chen et al.).
Finally, it is very possible that the glucose
component of HFCS, sucrose, and
high-GI starchy foods, is the mechanism
for any association among SSBs, obesity,
and diabetes.
Editorials
EDITORIAL (SEE CHEN ET AL., P. 2236)
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sugar-sweetened soft drinks nor noncola
sugar-sweetened soft drinks are convinc-
inglylinkedtoGDMinthestudybyChen
et al. suggests the strong possibility that
cola drinks may suffer guilt by associa-
tion. High intake of SSBs is often accom-
panied by a high intake of reﬁned grains
and processed meats and a low intake of
vegetables, a diet pattern that increases
oxidative stress and the risk of diabetes
(16). Moreover, the continuing focus on
SSBs draws attention away from more
criticalnutritionconcernssuchasalcohol
intake among women of reproductive
age. Indeed, the women in the study by
Chen et al. with the lowest SSB intakes
were those who consumed the most alco-
hol (12).
Given the current state of knowledge,
what evidence-based dietary advice can
we offer women to reduce their risk of
developing GDM? A 2008 Cochrane re-
view (17) that speciﬁcally addressed this
question identiﬁed only three relevant
studies (all of them small) and concluded
that a low-GI diet might be beneﬁcial but
largerstudieswererequired.Incontrast,a
recent and reasonably large prospective
study in a cohort of 1,733 American
women(18)foundthatnospeciﬁcdietary
factors predicted the development of
GDM. Quality of fat (ratio of saturated to
polyunsaturated fat) may be just as im-
portant as the quality of carbohydrate but
has received little attention (19).
Epidemiological studies have limita-
tions and often pose more questions than
they provide answers. Apart from a
greater focus on the prevention of mater-
nal obesity, and a logical presumption
that a high-ﬁber and low-GI diet could be
beneﬁcial (and are unlikely to do harm),
there is currently insufﬁcient evidence to
base any ﬁrm dietary advice about how to
reduce the rate of GDM. Until that evi-
dence becomes available, we can cau-
tiously advise that the overall quality of
carbohydrates, fats, and proteins are
probably more relevant than the intake of
any one single food. In this context one
serving of SSB even on a daily basis is
unlikely to do harm.
ROBERT G. MOSES, MD
1
JENNIE C. BRAND-MILLER, PHD
2
From
1The Diabetes Service, South Eastern Sydney
and Illawarra Area Health Service, Wollongong,
New South Wales, Australia; and the
2Boden In-
stitute of Obesity, Nutrition and Exercise, Uni-
versity of Sydney, New South Wales, Australia.
Corresponding author: Robert G. Moses, robert.
moses@sesiahs.health.nsw.gov.au.
DOI: 10.2337/dc09-1640
© 2009 by the American Diabetes Association.
Readers may use this article as long as the work is
properly cited, the use is educational and not for
proﬁt, and the work is not altered. See http://
creativecommons.org/licenses/by-nc-nd/3.0/ for
details.
Acknowledgments— J.C.B.-M. is a coauthor
of The New Glucose Revolution book series,
president of a not-for-proﬁt glycemic-index–
basedfoodendorsementprograminAustralia,
and oversees the University of Sydney glyce-
mic-index–testing service. No other potential
conﬂictsofinterestrelevanttothisarticlewere
reported.
●●●●●●●●●●●●●●●●●●●●●●●
References
1. Crowther CA, Hiller JE, Moss JR, McPhee
AJ, Jeffries WS, Robinson JS; Australian
Carbohydrate Intolerance Study in Preg-
nant Women (ACHOIS) Trial Group. Ef-
fect of treatment of gestational diabetes
mellitus on pregnancy outcomes. N Engl
J Med 2005;352:2477–2486
2. Schulze MB, Liu S, Rimm EB, Manson JE,
Willett WC, Hu FB. Glycemic index, gly-
cemic load, and dietary ﬁber intake and
incidence of type 2 diabetes in younger
and middle-aged women. Am J Clin Nutr
2004;80:348–356
3. Salmero ´n J, Manson JE, Stampfer MJ,
Colditz GA, Wing AL, Willett WC. Di-
etaryﬁber,glycemicload,andriskofnon-
insulin-dependent diabetes mellitus in
women. JAMA 1997;277:472–477
4. Meyer KA, Kushi LH, Jacobs DR Jr, Slavin
J, Sellers TA, Folsom AR. Carbohydrates,
dietary ﬁber, and incident type 2 diabetes
inolderwomen.AmJClinNutr2000;71:
921–930
5. Barclay AW, Petocz P, McMillan-Price J,
Flood VM, Prvan T, Mitchell P, Brand-
Miller JC. Glycemic index, glycemic load,
and chronic disease risk: a meta-analysis
of observational studies. Am J Clin Nutr
2008;87:627–637
6. Knowler WC, Barrett-Connor E, Fowler
SE, Hamman RF, Lachin JM, Walker EA,
Nathan DM; Diabetes Prevention Pro-
gram Research Group. Reduction in the
incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med
2002;346:393–403
7. Pereira MA, Jacobs DR Jr, Pins JJ, Raatz
SK, Gross MD, Slavin JL, Seaquist ER. Ef-
fect of whole grains on insulin sensitivity
in overweight hyperinsulinemic adults.
Am J Clin Nutr 2002;75:848–855
8. Weickert MO, Mohlig M, Koebnick C,
Holst JJ, Namsolleck P, Ristow M, Oster-
hoffM,RochlitzH,RudovichN,Spranger
J, Pfeiffer AF. Impact of cereal ﬁbre on
glucose-regulating factors. Diabetologia
2005;48:2343–2353
9. Rizkalla SW, Taghrid L, Laromiguiere M,
Huet D, Boillot J, Rigoir A, Elgrably F,
Slama G. Improved plasma glucose con-
trol, whole-body glucose utilization, and
lipid proﬁle on a low-glycemic index diet
intype2diabeticmen:arandomizedcon-
trolledtrial.DiabetesCare2004;27:1866–
1872
10. Brand JC, Colagiuri S, Crossman S, Allen
A, Roberts DC, Truswell AS. Low-glyce-
mic index foods improve long-term gly-
cemic control in NIDDM. Diabetes Care
1991;14:95–101
11. ZhangC,LiuS,SolomonC,HuF.Dietary
ﬁber intake, dietary glycemic load, and
the risk for gestational diabetes mellitus.
Diabetes Care 2006;29:2223–2230
12. Chen L, Hu FB, Yeung E, Willett W,
Zhang C. A prospective study of pre-
gravid sugar-sweetened beverage con-
sumption and the risk of gestational
diabetes mellitus. Diabetes Care 2009;32:
2236–2241
13. Atkinson FS, Foster-Powell K, Brand-
Miller JC. International tables of glycemic
indexandglycemicloadvalues:2008.Di-
abetes Care 2008;31:2281–2283
14. Bray GA, Nielsen SJ, Popkin BM. Con-
sumption of high-fructose corn syrup in
beverages may play a role in the epidemic
of obesity. Am J Clin Nutr 2004;79:537–
543
15. Wild S, Roglic G, Green A, Sicree R, King
H. Global prevalence of diabetes: esti-
mates for the year 2000 and projections
for 2030. Diabetes Care 2004;27:1047–
1053
16. Schulze MB, Hoffmann K, Manson JE,
Willett WC, Meigs JB, Weikert C, Heide-
mann C, Colditz GA, Hu FB. Dietary pat-
tern, inﬂammation, and incidence of type
2 diabetes in women. Am J Clin Nutr
2005;82:714–715
17. Tieu J, Crowther C, Middleton P. Dietary
advice in pregnancy for preventing gesta-
tional diabetes mellitus. Cochrane Data-
base of Syst Rev 2008;2:CD006674
18. Radesky JS, Oken E, Rifas-Shiman SL,
Kleinman KP, Rich-Edwards JW, Gillman
MW.Dietduringearlypregnancyandde-
velopment of gestational diabetes. Paedi-
atric and Perinatal Epidemiology 2008;
22:47–59
19. Wang Y, Storlien LH, Jenkins AB, Tapsell
LC, Jin Y, Pan JF, Shao YF, Calvert GD,
Moses RG, Shi HL, Zhu XX. Dietary vari-
ables and glucose tolerance in pregnancy.
Diabetes Care 2000;23:460–464
Moses and Brand-Miller
care.diabetesjournals.org DIABETES CARE, VOLUME 32, NUMBER 12, DECEMBER 2009 2315